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DRIVING SUPPORT DEVICE, WEARABLLE
DEVICE, DRIVING SUPPORT SYSTEM,
DRIVING SUPPORT METHOD, AND
COMPUTER-READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application claims priority to and incorpo-

rates by reference the entire contents ol Japanese Patent
Application No. 2018-231103 filed in Japan on Dec. 10,
2018.

BACKGROUND

1. Technical Field

The present disclosure relates to a driving support device,
a wearable device, a driving support system, a driving
support method, and a computer-readable recording
medium.

2. Related Art

There 1s known a technology for evaluating a driver’s
driving operation on a vehicle based on the behavior of the
vehicle (see, for example, JP 2006-347296 A). In this
technology, based on the behavior such as acceleration of the
vehicle, an 1mage for evaluating the driving operation 1s
generated, and the 1image 1s displayed on a display screen of
a navigation system when the vehicle 1s traveling or is
stopped. Thus, a result of driving operation evaluation 1s
presented to the driver.

SUMMARY

According to JP 2006-347296 A described above, the
driver driving the vehicle moves the line of sight from the
windshield to the display screen of the navigation system,
and thus the safety during the driving 1s compromised. For
this reason, i1t 1s desirable to provide a driving support
device, a wearable device, a driving support system, a
driving support method, and a computer-readable recording
medium that can ensure safety during driving.

In some embodiments, a driving support device includes:
a memory; and a processor including hardware, the proces-
sor being configured to acquire line-of-sight information
about a line of sight of a driver seated 1n a driver’s seat of
a vehicle, and output driving support information for sup-
porting driving of the vehicle, onto a visual field of the driver
based on the line-of-sight information.

In some embodiments, provided 1s a wearable device
configured to bidirectionally communicate with a vehicle,
transmit light 1n a visual field, and virtually display an image
on the visual field. The wearable device includes: a line-oi-
sight sensor configured to detect line-oi-sight information
about a line of sight of a driver wearing the wearable device;
a memory; and a processor including hardware, the proces-
sor being configured to output driving support information
for supporting driving of the vehicle, onto the visual field of
the driver based on the line-of-sight information.

In some embodiments, a driving support system 1ncludes:
the driving support device; and a wearable device configured
to bidirectionally communicate with the driving support
device, transmit light 1n a visual field, and virtually display
an 1mage on the visual field. The wearable device includes
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2

a line-of-sight sensor configured to detect line-ot-sight infor-
mation about a line of sight of a driver wearing the wearable
device, and the processor i1s configured to output to the
wearable device, the driving support information on the
visual field of the driver based on the line-of-sight informa-
tion.

In some embodiments, provided 1s a driving support
method performed by a driving support device. The method
includes: acquiring line-of-sight information about a line of
sight of a driver seated 1n a driver’s seat of a vehicle; and
outputting driving support information for supporting driv-
ing of the vehicle, onto a visual field of the driver based on
the line-of-sight information read from a memory.

In some embodiments, provided i1s a non-transitory com-
puter-readable recording medium with an executable pro-
gram stored thereon. The program causes a driving support
device to execute acquiring line-of-sight information about
a line of sight of a driver seated 1n a driver’s seat of a vehicle,
and outputting driving support information for supporting
driving of the vehicle, onto a visual field of the driver based
on the line-of-sight information.

The above and other objects, features, advantages and
technical and industrial significance of this disclosure will
be better understood by reading the following detailed
description of presently preferred embodiments of the dis-

closure, when considered 1n connection with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating a functional con-
figuration of a driving support device installed 1n a vehicle
according to a first embodiment;

FIG. 2 1s a flowchart 1llustrating an outline of processing,
executed by the driving support device according to the first
embodiment;

FIG. 3 1s a diagram schematically illustrating a display
position of driving support information, as a result of an
ECU according to the first embodiment causing a display
unit to display the driving support information;

FIG. 4 1s a diagram schematically illustrating a display
position of driving support information, as a result of the
ECU according to a first modification of the first embodi-
ment causing the display unit to display the driving support
information;

FIG. 5 1s a diagram schematically illustrating a display
position ol driving support information, as a result of the
ECU according to a second modification of the first embodi-
ment causing the display unit to display the driving support
information;

FIG. 6 1s a diagram schematically illustrating a display
position of driving support information, as a result of the
ECU according to a third modification of the first embodi-
ment causing the display unit to display the driving support
information;

FIG. 7 1s a diagram 1llustrating a schematic configuration
of a dniving support system according to a second embodi-
ment,

FIG. 8 1s a block diagram 1illustrating a functional con-
figuration of the driving support system according to the
second embodiment;

FIG. 9 15 a diagram 1illustrating a schematic configuration
ol a wearable device according to the second embodiment;

FIG. 10 1s a flowchart illustrating an outline of processing,
executed by the driving support device according to the
second embodiment;
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FIG. 11 1s a diagram schematically illustrating a display
position of driving support information, as a result of the
ECU causing a wearable device to display the dniving
support information while the vehicle 1s stopped;

FIG. 12 1s a diagram schematically illustrating a display
position of driving support information, as a result of the
ECU causing a wearable device to display the driving
support information while the vehicle 1s moving;

FIG. 13 1s a diagram schematically illustrating a display
position of driving support information, as a result of an
ECU according to a first modification of the second embodi-
ment causing the wearable device to display the driving
support mformation;

FIG. 14 1s a diagram schematically illustrating a display
position of driving support information, as a result of an
ECU according to a second modification of the second
embodiment causing the wearable device to display the
driving support information;

FIG. 15 1s a diagram schematically 1llustrating a display
position of driving support information, as a result of an
ECU according to a third modification of the second
embodiment causing the wearable device to display the
driving support information;

FIG. 16 1s a diagram schematically illustrating a display
position of driving support information, as a result of an
ECU according to a fourth modification of the second
embodiment causing the wearable device to display the
driving support information;

FIG. 17 1s a diagram schematically illustrating a display
position of driving support information, as a result of an
ECU according to a fifth modification of the second embodi-
ment causing the wearable device to display the driving
support information;

FIG. 18 1s a schematic view illustrating a schematic
configuration of a driving support system according to a
third embodiment:

FI1G. 19 1s a diagram 1illustrating a schematic configuration
of a wearable device according to a modification of the
second and the third embodiments;

FI1G. 20 1s a diagram 1illustrating a schematic configuration
of a wearable device according to a modification of the
second and the third embodiments;

FI1G. 21 1s a diagram 1illustrating a schematic configuration
of a wearable device according to a modification of the
second and the third embodiments; and

FI1G. 22 1s a diagram 1llustrating a schematic configuration
of a wearable device according to a modification of the
second and the third embodiments.

DETAILED DESCRIPTION

Hereinafter, embodiments of the disclosure will be

described 1n detail with reference to the drawings. The
disclosure 1s not limited to the embodiments described

below. The following description 1s given with the same
components denoted with the same reference numerals.

First Embodiment

Configuration of Driving Support Device

FIG. 1 1s a block diagram illustrating a functional con-
figuration of a driving support device installed 1n a vehicle
according to a first embodiment. A driving support device 1
illustrated 1n FIG. 1 1s installed in a vehicle, and cooperates
with other Flectronic Control Units (ECUSs) installed in the
vehicle to support driving of a driver in the vehicle. The
driving support device 1 illustrated in FIG. 1 includes an
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ignition switch 10 (hereinafter referred to as an “IG switch
10"), a vehicle speed sensor 11, an operation sensor 12, a
steering wheel sensor 13, a behavior sensor 14, a commu-
nication unit 15, a line-of-sight sensor 16, a display unit 17,
a learned model storage unit 18, and an ECU 19.

The IG switch 10 receives mstructions of start and stop of
an electric system such as an engine or a motor. The IG
switch 10 starts an IG power supply upon being turned ON,
and stops the 1G power supply upon being turned OFF.

The vehicle speed sensor 11 detects the vehicle speed
while the vehicle 1s traveling, and outputs a result of the
detection to the ECU 19.

The operation sensor 12 detects an operation amount
indicating a depression amount of each of an accelerator
pedal, a brake pedal and a clutch pedal by the dniver, and
outputs a result of the detection to the ECU 19.

The steering wheel sensor 13 detects a steering amount of
the steering wheel by the driver, and outputs a result of the
detection to the ECU 19.

The behavior sensor 14 detects the behavior of the vehicle
and outputs a result of the detection to the ECU 19. This
behavior of the vehicle includes a pitch rate, a roll rate, a
yaw rate, an acceleration 1n the vertical direction, an accel-
eration 1n the lateral direction, an acceleration in the longi-
tudinal direction, and the like. The behavior sensor 14 1s
formed by using an acceleration sensor, a gyro sensor, and
the like.

Under the control of the ECU 19, the communication unit
15 transmits and receives various pieces of information to
and from a server (not illustrated), via a base station and a
network, according to a predetermined communication stan-
dard. Furthermore, the communication unit 15 transmits
various pieces of information to and from a wearable device,
another vehicle, or a user terminal device which 1s not
illustrated, according to a predetermined communication
standard. The communication unit 15 1s formed by using a
communication module supporting wireless communica-
tions. The communication unit 15 may be of a wired or
wireless type.

The line-of-sight sensor 16 detects the line of sight of the
driver seated 1n the driver’s seat of the vehicle, and outputs
a result of the detection to the ECU 19. The line-of-sight
sensor 16 1s formed by using an optical system, a charge
coupled device (CCD) or a complementary metal oxide
semiconductor (CMOS), a memory, and a processor having
hardware such as a central processing unit (CPU) and a
graphics processing unit (GPU). The line-of-sight sensor 16
detects a non-moving part (for example, eye inner corner) of
the driver’s eyes as a reference point using, for example, a
known template matching, and detects a moving part of the
eye (for example, 1r1s) as a moving point. The line of sight
of the driver 1s detected based on the positional relationship
between the reference point and the moving part. In the first
embodiment, the line-of-sight sensor 16 detects the line-oi-
sight of the driver using a visible camera. However, this
should not be construed 1n a limiting sense, and the line-
of-sight of the driver may be detected by an infrared camera.
When the line-of-sight sensor 16 1s an infrared camera, a
reference point (for example, corneal reflex) and a moving
point (for example, a pupil) are detected from 1mage data
generated by capturing with the infrared camera an 1mage of
the driver wrradiated with infrared light by an infrared light
emitting diode (LED) or the like. Then, the line of sight of
the driver 1s detected based on the positional relationship
between the reference point and the moving part.

The display umit 17 1s provided on the windshield or the
instrument panel of the vehicle, and projects and displays an
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image, a video, and text information on the windshield,
under the control of the ECU 19. The display unit 17 1s
formed by using, for example, a Head-UP Display (HUD) or
the like. Specifically, the display unit 17 1s formed by using
an 1mage display machine, a diffusion plate, a magnifier, and
the like. The image display machine includes a display
panel, such as an organic Flectro Luminescence (EL) or a
liquid crystal, projecting an 1image. The 1mage projected by
the 1mage display machine 1s formed as an intermediate
image on the diflusion plate. The magnifier enlarges the
intermediate image formed on the diffusion plate, so that the
resultant 1image 1s projected on the windshield.

The learned model storage unit 18 stores a learned model
as a result of machine learning using traveling data acquired
with a plurality of vehicles. Here, the traveling data 1s data
including: the vehicle speed of the vehicle; the operation
amount on the accelerator pedal, the brake pedal, and the
clutch pedal; the steering amount on the steering wheel;
behavior information such as the acceleration of the vehicle;
the weather; the traflic condition; and position and gear
information about the vehicle. The learned model 1s a
learned model generated based on deep learning using a
neural network. Specifically, the learned model 1s a forward
propagation neural network, and has an input layer, an
intermediate layer, and an output layer. The mput layer
includes a plurality of nodes receiving different input param-
cters. The intermediate layer has a multi-layered structure
including a layer with a plurality of nodes that receive an
input from the input layer. The output layer receives an
output from the mtermediate layer, and outputs an output
parameter. Each node 1n the mput layer outputs a signal,
having a value obtained by multiplying the input parameter
by a predetermined weight, to each node 1n the adjacent
intermediate layer. The intermediate layer recerves a value
obtained by adding a predetermined bias to the output from
cach node of the mput layer. With such a procedure sequen-
tially repeated along the forward direction from the side of
the 1nput layer to the side of the output layer, one output
parameter 1s eventually output from the output layer. The
machine learning using a neural network with the interme-
diate layer having a multi-layered structure 1s called deep
learning. In the first embodiment, the input parameter 1s “the
vehicle speed of the vehicle, the operation amount on the
accelerator pedal, the brake pedal, the clutch pedal, and the
like, the steering amount on the steering wheel, the behavior
information such as the acceleration of the vehicle, and the
position information of the vehicle”. The output parameter 1s
“arecommended operation amount on an operation member,
recommended steering amount on the steering wheel,
vehicle speed of the vehicle, and traveling line of the
vehicle”. In addition, storing the learned model means
storing information in the learned model such as network
parameters and calculation algorithm.

The ECU 19 controls the operation of each component of
the driving support device 1. The ECU 19 1s formed by using,
a memory and a processor having hardware which 1s any of
a CPU, a graphics processing unit (GPU), a field program-
mable gate array (FPGA), a digital signal processing (DSP),
an application specific integrated circuit (ASIC), and the
like. The ECU 19 outputs driving support information to a
region within the driver’s visual field based on the line-oi-
sight information corresponding to the driver’s line of sight
acquired from the line-of-sight sensor 16. Here, the visual
field of the driver, based on a static angle of view, 1s 100
degrees 1n each of left and right directions 1n the horizontal
direction, 60 degrees in the upward direction in the vertical
direction, and 75 degrees in the downward direction 1n the
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vertical direction, from the reference (0 degrees) corre-
sponding to the line of sight of the driver.

Furthermore, the ECU 19 outputs driving support infor-
mation to a region in the visual field of the driver. This
region 1s a region ol an operation member provided to the
vehicle, and 1s 1n an orthogonal direction orthogonal to the

operation member (hereinafter, simply referred to as an
“region right above”). Specifically, the ECU 19 mnputs the
input parameters that are the driver’s operation amount on
the accelerator pedal acquired from the operation sensor 12
and the vehicle speed of the vehicle acquired from the
vehicle speed sensor 11, to the learned model stored 1n the
learned model storage unit 18, and outputs a recommended
operation amount on the accelerator pedal which 1s an output
parameter output from the learned model. Then, the ECU 19
outputs the operation amount and the recommended opera-
tion amount to the display unit 17 so that the operation
amount and the recommended operation amount are pro-
jected and displayed as driving support information on the
region right above the accelerator pedal.

Furthermore, the ECU 19 inputs the input parameters that
are the driver’s steering amount on the steering wheel
acquired from the steering wheel sensor 13 and the vehicle
speed of the vehicle acquired from the vehicle speed sensor
11 to the learned model stored in the learned model storage
unmt 18, and outputs a recommended steering amount on the
steering wheel that 1s an output parameter output from the
learned model. Then, the ECU 19 outputs the steering
amount and the recommended steering amount to the display
unmt 17 so that the steering amount and the recommended
steering amount are projected and displayed as driving
support information on the region right above the steering
wheel.

Furthermore, the ECU 19 outputs driving support infor-
mation to a region on the driver’s line of sight between the
driver and the windshield of the vehicle. Specifically, the
ECU 19 generates the driving support information based on
the behavior information about the vehicle acquired from a
behavior sensor 4, and outputs the driving support informa-
tion to the display unit 17, so that the driving support
information 1s projected and displayed on the region
between the driver and the windshield of the vehicle. This
line of sight may be within the visual field set to be of a
predetermined range (for example, a range of 5 cmx3 cm
with the line of sight at the center) based on the line of sight
of the driver. In the first embodiment, the ECU 19 functions
as a processor.

Processing Executed by Driving Support Device

Next, processing executed by the driving support device
1 will be described. FIG. 2 1s a flowchart illustrating an
outline of the processing executed by the driving support
device 1.

As 1illustrated 1n FIG. 2, first of all, the ECU 19 obtains
line-of-si1ght information about the line of sight of the driver
detected by the line-of-sight sensor 16 (step S101), and
acquires the behavior information about the vehicle from the
behavior sensor 14, the operation information about the
driver’s operation amount from the operation sensor 12, and
the steering information about the driver’s steering amount
from the steering wheel sensor 13 (step S102).

Next, the ECU 19 nputs, to the learned model stored 1n
the learned model storage unit 18, input parameters that are
the vehicle speed of the vehicle, the vehicle behavior infor-
mation, the driver’s operation mformation, and the driver’s
steering information, to cause the learned model to calculate
an output parameter that i1s each of the recommended
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operation amount on the accelerator pedal and the recom-
mended steering amount on the steering wheel (step S103).

Thereafter, the ECU 19 causes the display unit 17 to
project and display the driving support information, by
outputting the driving support information to the display unit
17 so that the driving support information 1s displayed 1n the
driver’s visual field (step S104).

Now, the driving support information output by the ECU
19 will be described 1n detail. FIG. 3 1s a diagram schemati-
cally illustrating a display position of the driving support
information, as a result of the ECU 19 causing the display
unit 17 to display the driving support information.

As 1illustrated in FIG. 3, the ECU 19 outputs driving
support iformation M1 to the display unit 17, so that the
driving support information M1 1s projected and displayed
on a region that 1s within the dniver’s visual field on the
windshield W1, and 1s right above an accelerator pedal 101
that 1s an operation member provided in the vehicle 100. The
driving support information M1 includes an operation
amount T1 by which the accelerator pedal 101 1s actually
being operated by the driver and a recommended operation
amount T2 on the accelerator pedal 101. In this case, the
ECU 19 may output each of the operation amount T1 and the
recommended operation amount T2 to the display unit 17, to
be 1n an 1dentifiable display mode. For example, the opera-
tion amount T1 and the recommended operation amount T2
may be respectively displayed 1n red and green. The ECU 19
outputs the driving support information M1 to the display
unit 17 so that the driving support information M1 for the
accelerator pedal 101 1s displayed. Furthermore, {for
example, driving support information including an operation
amount and a recommended operation amount for a brake
pedal 102, similar to that for the accelerator pedal 101, may
be output to the display unit 17. Furthermore, two pieces of
driving support mformation may be output to the display
unit 17, so that the respective pieces of drniving support
information for the brake pedal 102 and the accelerator
pedal 101 are displayed side by side.

Furthermore, the ECU 19 outputs driving support infor-
mation M10 to the display umit 17, so that the driving
support information M10 1s projected and displayed 1n a
region that 1s within the driver’s visual field on the wind-
shield W1, and 1s right above a steering wheel 103 of the
vehicle 100. The driving support information M10 includes
a reference position T10 of the steering wheel 103, a steering
amount T11 of the actual steering operation by the driver
from the reference position (center position) of the steering
wheel 103, and a recommended steering amount 112 for the
steering wheel 103. In this case, the ECU 19 may output
cach of the reference position T10, the steering amount 111,
and the recommended steering amount 113 to the display
unit 17, to be 1n an 1dentifiable display mode. For example,
the reference position 110, the steering amount 111, and the
recommended steering amount 112 may be respectively
displayed 1n blue, red, and green.

Furthermore, the ECU 19 outputs driving support infor-
mation G1 to the display unit 17 so that the driving support
information G1 1s projected and displayed on a region on the
driver’s line of sight between the driver and the windshield
W1 of the vehicle. The driving support information G1
includes a receptacle image B1 that has a recessed surface
and a bowl shape, and a ball image B2 that i1s virtually
movable on the receptacle image B1 in accordance with a
change in forward, backward, leftward, or rightward gravi-
tational acceleration on the vehicle 100. The ECU 19 outputs
the ball image B2 to the display unit 17 so as to move on the
receptacle 1mage B1 based on the behavior information
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input from the behavior sensor 14. The ECU 19 causes the
display unit 17 to display the driving support information G1
in a three-dimensional shape. However, the disclosure 1s not
limited to this. For example, a two-dimensional-image arrow
or graphic may be displayed to move 1n a plane on the
display unit 17.

As described above, the driver can mtuitively recognize
the actual operation amount and the recommended operation
amount simply by moving the line of sight without changing
the visual field for driving at the time of driving. Thus, the
driver can feel the driving pleasure and drive with improved
driving technique, with safety ensured.

Referring back to FIG. 2, step S105 and after will further
be described.

In step S105, the ECU 19 determines whether the IG
switch 10 1s turned OFF. When 1t 1s determined by the ECU
19 that the IG switch 10 1s 1n the OFF state (step S105: Yes),

the driving support device 1 ends the processing. On the
other hand, when 1t 1s determined by the ECU 19 that the 1G
switch 10 1s not in the OFF state (step S105: No), the driving,
support device 1 returns to step S101.

According to the first embodiment described above, the
ECU 19 outputs the driving support information M1, M10,
(o1, for supporting the driving of the vehicle, to the driver’s
visual field based on the driver’s line-of-sight information.
Thus, the dnver does not change the visual field while
driving, whereby safety during driving can be ensured.

Furthermore, according to the first embodiment, the driver
outputs the driving support information M1 to the display
unit 17 so that the ECU 19 projects and displays the driving
support information M1 right above the accelerator pedal
101. Thus, the driver can intwitively recognize the driving
support mformation M1.

Furthermore, according to the first embodiment, the ECU
19 outputs the actual operation amount T1 and the recom-
mended operation amount 12 to the display unit 17, so that
the operation amount T1 and the recommended operation
amount T2 are projected and displayed right above the
accelerator pedal 101. Thus, the driver can perform opera-
tions while recognizing a difference between the actual
operation amount and the recommended operation amount.
Thus, the driver can feel the driving pressure and drive with
improved driving technique.

Furthermore, according to the first embodiment, the ECU
19 outputs the driving support information G1 to the display
umit 17, so that the driving support information G1 1s
projected and displayed on a region on the line of sight of the
driver between the driver and the windshield W1 of the
vehicle. Thus, the driver can feel the driving pressure while
satety during driving can be ensured.

Furthermore, according to the first embodiment, the ECU
19 outputs the driving support information G1 to the display
unit 17 so that the driving support information G1 based on
the behavior of the vehicle 1s projected and displayed. Thus,
the driver can intuitively recognize the behavior of the
vehicle to perform an operation i1n accordance with the
vehicle behavior, and thus can drive with improved driving
technique.

Furthermore, according to the first embodiment, the ECU
19 moves the ball image B2 on the receptacle image B1 1n
accordance with a change in the forward, backward, left-
ward, or rightward gravitational acceleration on the vehicle.
Thus, the driver can intuitively recognize the behavior of the
vehicle to perform an operation in accordance with the
vehicle behavior, and thus can drive with improved driving
technique.
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In the first embodiment, the ECU 19 outputs the driving
support information to the display unit 17 so that the driver
can visually recognize the driving support information.
However, the disclosure 1s not limited to this. For example,
the ECU 19 may output drniving support information for
supporting the driving of the vehicle to the display unit 17
so that the drniving support information 1s displayed 1n the
visual field of an occupant in the vehicle based on the

line-of-sight information about the occupant.

First Modification of First Embodiment

Next, a first modification of the first embodiment will be
described. In the first embodiment described above, the
vehicle 100 1s assumed to be an automatic transmission
vehicle. On the other hand, 1n the first modification of the
first embodiment, the vehicle 100 1s assumed to be a manual
transmission vehicle.

FIG. 4 1s a diagram schematically illustrating a display
position of the driving support information, as a result of the
ECU 19 according to the first modification of the {first
embodiment causing the display unmit 17 to display the
driving support information.

As 1llustrated 1n FIG. 4, in addition to the driving support
information M1 and the driving support information G1
described above, the ECU 19 outputs driving support infor-
mation M20 for supporting a driving operation on the brake
pedal 102 and driving support information M30 for support-
ing a driving operation on a clutch pedal 1035 to the display
unit 17, to cause the display unit 17 to display the driving
support information M20 and the driving support informa-
tion M30. In this case, the ECU 19 outputs the driving
support mformation M20 and the driving support informa-
tion M30 to the display unit 17 so that the driving support
information M20 and the driving support information M30
are respectively displayed on regions right above the brake
pedal 102 and the clutch pedal 105.

The driving support information M20 includes an opera-
tion amount T21 by which the brake pedal 102 1s actually
operated by the driver, and a recommended operation
amount 122 on the brake pedal 102 calculated by the ECU
19 based on the operation amount 121 by the driver on the
brake pedal 102 and the learned model. In this case, the ECU
19 may output each of the operation amount 121 and the
recommended operation amount 122 to the display unit 17,
to be 1 an identifiable display mode. For example, the
operation amount 121 and the recommended operation
amount 122 may be respectively displayed 1n red and green.

The driving support information M30 includes an opera-
tion amount 131 by which the clutch pedal 105 i1s actually
operated by the driver and a recommended operation amount
132 on the clutch pedal 105 calculated by the ECU 19 based
on the operation amount T31 on the clutch pedal 105 by the
driver. In this case, the ECU 19 may output each of the
operation amount T31 and the recommended operation
amount T32 to the display unit 17, to be 1n an identifiable
display mode. For example, the operation amount 131 and
the recommended operation amount 132 may be respec-
tively displayed in red and green.

According to the first modification of the first embodi-
ment described above, the ECU 19 outputs the driving
support information M1, M20, M30, G1 for supporting the
driving of the vehicle to the visual field including the
driver’s line of sight based on the driver’s line-of-sight
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information. Thus, the driver does not change the visual field
during driving, whereby safety during driving can be
ensured.

Second Modification of First Embodiment

Next, a second modification of the first embodiment will
be described. FIG. 5 1s a diagram schematically illustrating,
a display position of the driving support information, as a
result of the ECU 19 according to the second modification
of the first embodiment causing the display unit 17 to display
the driving support information.

As 1llustrated mn FIG. 5, the ECU 19 outputs driving
support information M40 and driving support information
M41 to the display unit 17, so that the driving support
information M40 and the driving support information M41
are projected and displayed in a region of the windshield W1
corresponding to the visual field of the driver, and 1s right
above the accelerator pedal 101. The driving support infor-
mation M40 includes an operation amount 141 by which the
accelerator pedal 101 1s actually operated by the driver and
a recommended operation amount T42 on the accelerator
pedal 101. The driving support information M41 includes an
operation amount 143 by which the brake pedal 102 is
actually operated by the driver and a recommended opera-
tion amount 144 on the brake pedal 102. Furthermore, the
ECU 19 may output each of the operation amounts T41 and
143 and the recommended operation amounts 142 and T44
to the display umit 17 to be 1n an i1dentifiable display mode.

According to the second modification of the first embodi-
ment described above, the ECU 19 outputs the driving
support information M40 and M41 for supporting the driv-
ing of the vehicle to the visual field including the driver’s
line of sight based on the driver’s line-of-sight information.
Thus, the driver does not change the visual field during
driving, whereby safety during driving can be ensured.

Third Modification of First Embodiment

Next, a third modification of the first embodiment will be
described. FIG. 6 1s a diagram schematically illustrating a
display position of the driving support information, as a
result of the ECU 19 according to the third modification of
the first embodiment causing the display unit 17 to display
the driving support information.

As 1llustrated 1n FIG. 6, the ECU 19 outputs driving
support information M42 and driving support information
M43 to the display unit 17, so that the driving support
information M42 and the driving support information M43
are projected and displayed 1n regions of the windshield W1
corresponding to the visual field of the driver, and right
above the accelerator pedal 101 and the brake pedal 102,
respectively. The driving support information M42 includes
an operation amount 145 by which the accelerator pedal 101
1s actually operated by the driver and a recommended
operation amount 146 on the accelerator pedal 101. The
driving support information M43 includes an operation
amount 147 by which the brake pedal 102 1s actually
operated by the driver and a recommended operation amount
148 on the brake pedal 102. Furthermore, the ECU 19 may
output each of the operation amounts T45 and T47 and the
recommended operation amounts T46 and T48 to the display
unmit 17 to be 1 an identifiable display mode.

According to the third modification of the first embodi-
ment described above, the ECU 19 outputs the driving
support information M42, M43 for supporting the driving of
the vehicle to the visual field including the driver’s line of
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sight based on the driver’s line-of-sight information. Thus,
the driver does not change the visual field during driving,
whereby safety during driving can be ensured.

Second Embodiment

Next, a second embodiment will be described. In the first
embodiment described above, the dniving support informa-
tion 1s displayed and projected 1n the vehicle by the display
unit 17. In the second embodiment, the driving support
information 1s displayed using a wearable device. In the
following, components that are the same as those in the
driving support device 1 according to the first embodiment
described above are denoted by the same reference numer-
als, and detailed descriptions thereof will be omuitted.

Configuration of Driving Support System

FI1G. 7 1s a diagram 1llustrating a schematic configuration
of a driving support system according to the second embodi-
ment. FIG. 8 1s a block diagram illustrating a functional
configuration of the driving support system according to the
second embodiment. FIG. 9 1s a diagram 1illustrating a
schematic configuration of a wearable device according to
the second embodiment.

A driving support system 1000 illustrated 1n FIGS. 7to 9
includes a driving support device 1A provided 1n the vehicle
100 and a wearable device 2 that can be worn by a driver U1l
and can perform bidirectional communications with the

driving support device 1A according to a predetermined
communication standard.

Configuration of Driving Support Device

First of all, the configuration of the driving support device
1A will be described. The drniving support device 1A 1llus-
trated 1n FIGS. 7 to 9 has the configuration that 1s the same
as that of the driving support device 1 according to the first
embodiment described above except that the line-of-sight
sensor 16 and the display unit 17 are omitted from the
configuration of the driving support device 1 and that a car
navigation system 20 1s additionally provided. The driving
support device 1A may be incorporated in the wearable
device 2.

The car navigation system 20 includes a Global Position-
ing System (GPS) sensor 201, a map database 202, and a
notification device 203.

The GPS sensor 201 receives signals from a plurality of
GPS satellites and transmitting antennas, and calculates the
position ol the vehicle 100 based on the received signals.
The GPS sensor 201 i1s formed by using a GPS reception
sensor or the like. A plurality of the GPS sensors 201 may
be 1nstalled to improve the accuracy regarding the direction
of the vehicle 100.

The map database 202 stores various types of map data.
The map database 202 may be formed by using a recording
medium such as a hard disk drive (HDD) or a solid state
drive (SSD).

The notification device 203 may include a display unit
203a that displays an 1mage, a video, and text information,
and a sound output unit 2035 that generates a sound such as
a voice or an alarm sound or a bone conduction member and
the like. The display unit 2034 1s formed by using a display
such as a liquid crystal or organic EL display. The sound
output unit 2035 1s formed by using a speaker and the like.

The car navigation system 20 with such a configuration
notifies the driver of information using the display unit 2034
and the sound output unit 2035. This information 1s provided
by overlaying the current position of the vehicle 100,
acquired by the GPS sensor 201, on map data stored 1n the
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map database 202, and thus includes a road on which the
vehicle 100 1s currently travelling, a route to the destination,

and the like.

Configuration of Wearable Device
Next, the configuration of the wearable device 2 will be
described. The wearable device 2 illustrated 1n FIGS. 7to 9

1s an eyewear-type device that can be worn by the driver and
can provide augmented reality (AR). Furthermore, the wear-
able device 2 1s a device that forms an 1mage on the driver’s
retina, so that a virtual 1image can be viewed 1n the driver’s
visual field while transmitting light from the driver’s visual
field. The wearable device 2 includes an 1mage capturing
device 21, a nine-axis sensor 22, a projection unit 24, a GPS
sensor 23, a wearing sensor 26, a communication unit 27, a
control unit 28, and the like.

A plurality of the image capturing devices 21 may be
provided as illustrated 1n FIG. 9. Under the control of the
control unit 28, the image capturing device 21 generates
image data by, for example, capturing an 1mage on the user’s
line of sight, and outputs the 1image data to the control unit
28. The image capturing device 21 1s formed by using an
optical system including one or a plurality of lenses, as well
as a CCD, a CMOS, or the like that generates image data by
receiving an object image corresponding to the light focused
by the optical system.

The nine-axis sensor 22 1s formed by using a three-axis
gyro sensor, a three-axis acceleration sensor, and a three-
ax1s geomagnetic sensor (compass). The nine-axis sensor 22
detects an angular velocity and an acceleration on the
wearable device 2, and outputs a result of the detection to the
control unit 28. Furthermore, the nine-axis sensor 22 detects
an absolute direction by detecting geomagnetism, and out-
puts a result of the detection to the control umt 28.

A line-of-sight sensor 23 detects the direction of the line
of sight of the driver who 1s wearing the wearable device 2,
and outputs a result of the detection to the control unmt 28.
The line-of-sight sensor 23 1s formed by using an optical
system, a CCD or CMOS, a memory, and a processor having
hardware such as a CPU or a GPU. The line-of-sight sensor
23 detects a non-moving part (for example, eye inner corner)
of the driver’s eyes as a reference point using, for example,
a known template matching, and detects a moving part of the
eye (for example, 1ris) as a moving point. The direction of
line of sight of the driver 1s detected based on the positional
relationship between the reference point and the moving
part.

Under the control of the control unit 28, the projection
umt 24 projects the image, video and text information
toward the wearable device display unit (for example, a lens
unit) and the retina of the driver. The projection unit 24 1s
formed by using an RGB laser beam that emits each of RGB
laser beams, a MEMS mirror that reflects the laser beams,
and a reflection mirror for projecting the laser beams
reflected from the MEMS mirror onto the retina of the
driver.

The GPS sensor 23 receives signals from a plurality of
GPS satellites, and calculates the position of the wearable
device 2 based on the received signals. The GPS sensor 25
outputs the calculated position of the wearable device 2 to
the control unit 28. The GPS sensor 25 1s formed by using
a GPS reception sensor or the like.

The wearing sensor 26 detects a wearing state of the user,
and outputs a result of the detection to the control unmt 28.
For example, the wearing sensor 26 1s formed by using a
pressure sensor that detects the pressure when the user wears
the wearable device 2, and a vital sensor that detects vital
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information such as the user’s body temperature, pulse,
brain waves, blood pressure, and sweating state.

Under the control of the control unit 28, the communi-
cation unit 27 transmits and receives various pieces of
information to and from the driving support device 1 or a
server, according to a predetermined communication stan-
dard. The communication unit 27 1s formed by using a
communication module supporting wireless communica-
tions.

The control unmit 28 controls operations of components of
the wearable device 2. The control unit 28 1s formed by
using a memory and a processor having hardware such as a
CPU.

Processing Executed by Driving Support Device

Next, processing executed by the driving support device
1A will be described. FIG. 10 1s a tlowchart illustrating an
outline of the processing executed by the driving support
device 1A.

As 1llustrated 1in FIG. 10, the ECU 19 determines whether
the driver 1s 1 the vehicle 100 (step S201). For example, the
ECU 19 calculates a distance between the vehicle 100 and
the wearable device 2 based on position information
detected by the GPS sensor 235 of the wearable device 2 and
received through the communication unit 15 and position
information detected by the GPS sensor 201 of the car
navigation system 20. Then, the ECU 19 determines whether
the distance thus calculated 1s equal to or more than a
predetermined value. When the distance 1s equal to or more
than the predetermined value, the driver 1s determined to
have gotten ofl the vehicle 100. On the other hand, when the
distance 1s not equal to or more than the predetermined vale,
the driver 1s determined to be in the vehicle 100. In addition
to the distance, the ECU 19 may use a result of detection

performed by a seat sensor and the like provided to the
vehicle 100, to determine whether the driver 1s 1n the vehicle
100. When the ECU 19 determines that the driver is 1n the
vehicle 100 (step S201: Yes), the driving support device 1A
proceeds to step S202 described later. On the other hand,
when the ECU 19 determines that the driver 1s not in the
vehicle 100 (step S201: No), the driving support device 1A
proceeds to step S212 described later.

In step S202, the ECU 19 determines whether the driver
1s wearing the wearable device 2. Specifically, the ECU 19
receives a wearing signal indicating the detection result from
the wearing sensor 26 of the wearable device 2 through the
communication unit 15, and determines whether the driver
1s wearing the wearable device 2 based on the received
wearing signal. When the ECU 19 determines that the driver
1s wearing the wearable device 2 (step S202: Yes), the
driving support device 1A proceeds to step S203 described
later. On the other hand, when the ECU 19 determines that
the driver 1s not wearing the wearable device 2 (step S202:
No), the driving support device 1A proceeds to step S212
described later.

In step S203, the ECU 19 determines whether driving
support for the vehicle 100 1s set by the driver. Specifically,
the ECU 19 determines whether the state of an operation unit
or a switch (not illustrated) for setting a driving support
setting for causing the wearable device 2 to display the
driving support information 1s 1 the ON state. When the
ECU 19 determines that the driving support 1s set to the
vehicle 100 by the dniver (step S203: Yes), the drivin
support device 1A proceeds to step S204 described later. On
the other hand, when the ECU 19 determines that the driving,
support for the vehicle 100 1s not set by the driver (step
S5203: No), the driving support device 1A proceeds to step
5212 described later.
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In step S204, the ECU 19 acquires an operation level of
the driver. Specifically, the ECU 19 acquires the operation
level, which indicates operation ability of the driver accord-
ing to identification information associated with the wear-
able device 2, from a server (not illustrated) through the
communication unit 15. Here, the operation level 1s, for
example, a level determined according to the traveling time
of the vehicle 100 by the driver and a level determined
according to the driving history of driving based on the
above-described driving support information G1.

Then, the ECU 19 outputs the driving support informa-
tion, for the visual field of the driver, to the wearable device
2 based on the operation level of the driver, to cause the
wearable device 2 to display the driving support information
(step S205). After step S205, the dniving support device 1A
proceeds to step S206 described later.

Now, the driving support information output by the ECU
19 will be described 1n detail. FIG. 11 1s a diagram sche-
matically illustrating a display position of the driving sup-
port information, as a result of the ECU 19 causing the
wearable device 2, to which the information 1s output, to
display the driving support information.

As 1llustrated in FIG. 11, the ECU 19 outputs driving
support information M50 and driving support information
M51 to the wearable device 2, so that the driving support
information M30 and the driving support information M51
are displayed 1n regions over the steering wheel 103 1n the
visual field of the driver, and right above the accelerator
pedal 101 and the brake pedal 102, respectively. The driving
support information M50 includes an operation amount 11
by which the accelerator pedal 101 i1s actually operated by
the driver and a recommended operation amount T2 on the
accelerator pedal 101. The driving support information M51
includes an operation amount 121 by which the brake pedal
102 1s actually operation by the driver and a recommended
operation amount 122 on the brake pedal 102. In this case,
the ECU 19 may output each of the operation amounts T1
and T3, the operation amount 121, and the recommended
operation amount T22 to the wearable device 2, to be 1 an
identifiable display mode.

Furthermore, the ECU 19 outputs driving support infor-
mation M52 to the wearable device 2 so that the dniving
support information M3S2 1s displayed 1n a region overlap-
ping with a part of the steering wheel 103 1n the driver’s
visual field. The dnving support information M52 includes
a steering amount 111 by which the steering wheel 103 1s
actually operated by the driver from the reference position
T10 (center position) of the steering wheel 103, and a
recommended steering amount T12 for the steering wheel
103.

Furthermore, the ECU 19 outputs the dniving support
information G1 to the wearable device 2 so that the driving
support mformation G1 1s displayed in the central region
over the instrument panel 1n the driver’s line-ot-sight region.
In addition, the driving support information G1 can be
displayed 1n a region other than the center region over the
instrument panel i1n the dniver’s line-of-sight region. A
position at which the driving support information G1 1s
displayed can be changed according to the driver’s operation
as long as the driving support information G1 1s displayed
over the mstrument panel.

Furthermore, under the situation illustrated 1n FIG. 11, the
ECU 19 may limit the display content of the driving support
information based on the operation level of the driver.
Specifically, the ECU 19 determines whether the driver’s
operation level 1s equal to or higher than a predetermined
level. If the operation level 1s equal to or higher than the
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predetermined level, for example, the driving support infor-
mation G1 1s output to the wearable device 2, so that only
the driving support mformation G1 1s displayed. Thus,
displaying can be performed according to the operation level
of the driver, so that the driver can drive with an improved
driving technique while feeling the driving pleasure. Under
the situation illustrated 1n FIG. 11, the ECU 19 may limait the
display content of the driving support information based on
an operation signal from a switch or the like (not illustrated).
For example, when the operation signal for prohibiting the
displaying of the driving support information 1s mnput from
a switch or the like (not illustrated), the ECU 19 may stop
the output of the driving support information, or may control
the display content of the driving support information in
accordance with an instruction signal instructing a level
from the switch (not illustrated). Thus, displaying can be
performed 1n accordance with the driver’s preference.

As described above, using the wearable device 2, the
driver can mtuitively recognize the actual operation amount
and the recommended operation amount simply by moving
the line of sight without changing the visual field for driving,
at the time of driving. Thus, the driver can drive with
improved driving technique while feeling the driving plea-

sure, with safety ensured.

Referring back to FIG. 10, step S206 and after will further
be described.

The ECU 19 determines whether the vehicle 100 1s
traveling based on the detection result from the vehicle
speed sensor 11. When the ECU 19 determines that the
vehicle 100 1s traveling (step S206: Yes), the driving support
device 1A proceeds to step S207 described later. On the
other hand, when the ECU 19 determines that the vehicle
100 1s not traveling (step S206: No), the drniving support
device 1A proceeds to step S212 described later.

In step S207, the ECU 19 acquires line-of-sight informa-
tion about the line of sight of the driver from the line-oi-
sight sensor 23 of the wearable device 2 via the communi-
cation unit 15.

Then, the ECU 19 acquires the behavior information
about the vehicle 100 from the behavior sensor 14, the
operation information about the driver’s operation amount
from the operation sensor 12, and the steering information
about the drniver’s steering amount from the steering wheel
sensor 13 (step S208).

Next, the ECU 19 iputs, to the learned model stored 1n
the learned model storage umit 18, input parameters that are
the vehicle speed of the vehicle 100, the behavior informa-
tion about the vehicle 100, the driver’s operation informa-
tion, and the driver’s steering information, to cause the
learned model to calculate an output parameter that 1s each
of the recommended operation amount on the accelerator
pedal 101 and the recommended steering amount on the
steering wheel 103 (step S209).

Then, the ECU 19 outputs the driving support informa-
tion, for the visual field of the driver, to the wearable device
2, to cause the wearable device 2 to display the driving
support information (step S210). Specifically, as illustrated
in FIG. 12, the ECU 19 outputs driving support information
G1 to the wearable device 2 so that the drniving support
information G1 1s displayed on a region on the driver’s line
of sight between the driver and the windshield W1 of the
vehicle. In this case, the ECU 19 outputs the ball image B2
to the wearable device 2 so that the ball image B2 moves on
the receptacle image B1, in accordance with a change 1n the
tforward, backward, leftward, or nightward gravitational
acceleration on the wvehicle 100, based on the behavior

information input from the behavior sensor 14. Thus, the
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driver can intuitively recognize the operation level corre-
sponding to the actual operation amount simply by moving
the line of sight without changing the visual field for driving
at the time of driving. Thus, the driver can feel the driving
pleasure and drive with improved driving technique, with
safety ensured.

Thereafter, the ECU 19 determines whether the vehicle
100 has stopped based on the detection result from the
vehicle speed sensor 11 (step S211). When the ECU 19
determines that the vehicle 100 has stopped (step S211: Yes),
the driving support device 1A proceeds to step S212
described later. On the other hand, when the ECU 19
determines that the vehicle 100 has not stopped (step S211:
No), the driving support device 1A proceeds to step S204
described above.

In step S212, the ECU 19 determines whether the IG
switch 10 has been turned OFF. When 1t 1s determined by the
ECU 19 that the IG switch 10 1s in the OFF state (step S212:
Yes), the driving support device 1A ends the processing. On
the other hand, when 1t 1s determined by the ECU 19 that the
IG switch 10 1s not 1n the OFF state (step S212: No), the
driving support device 1A returns to step S201.

According to the second embodiment described above,
the ECU 19 outputs the driving support information to the
wearable device 2 so that the driving support information 1s
displayed over the steering wheel 103, whereby the driver
can intuitively recognize the information, with safety
ensured.

Furthermore, according to the second embodiment, the
ECU 19 outputs to the wearable device 2, the drniving
support information M32 that 1s each of the reference
position T10, the steering amount T11, and the recom-
mended steering amount T12 so as to be displayed over the
steering wheel 103 1n the visual field including the line of
sight of the driver. Thus, the driver can perform an operation
while recognizing a difference between the actual steering
amount and the recommended steering amount, and thus can
drive with improved driving technique while feeling driving
pleasure.

Furthermore, according to the second embodiment, when
the vehicle 100 1s 1n the moving state, the ECU 19 outputs
the driving support information G1 to the wearable device 2
so as to be displayed 1n a region on the driver’s line of sight.
On the other hand, when the vehicle 100 1s not moving, the
ECU 19 outputs the driving support information G1 to the
wearable device 2 so that the ECU 19 displays the driving
support information 1 at the center of an mstrument panel
104 of the vehicle 100. Thus, the driver can check and
intuitively recognize the behavior of the vehicle 100 on the
line of sight while driving the vehicle, and thus can drive
with improved driving techmque.

Furthermore, according to the second embodiment, the
display content of the driving support information 1s con-
trolled by the ECU 19 based on the operation level serving
as an index for the operation ability of the driver. Thus, the
driving support information about the operation level suit-
able for the driver 1s displayed, whereby driving support
suitable for the driver can be provided.

In the second embodiment, the driving support informa-
tion 1s output to the wearable device 2 so that the ECU 19
projects and displays the driving support information over
the steering wheel 103. Alternatwely, the control unit 28 of
the wearable device 2 may acquire the line-of-sight infor-
mation about the line of sight of the driver from the
line-of-sight sensor 23 and may perform a control based on
the acquired line-of-sight information so that the driving
support information, for supporting the driving of the
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vehicle 100, 1s projected by the projection unit 24 to be
displayed 1n the visual field including the driver’s line of
sight. Specifically, the control unit 28 detects the position of
the operation member of the vehicle 100 (for example, the
steering wheel), based on the 1mage data acquired from the
image capturing device 21, and, based on the detection result
and the line of sight, controls the projection umt 24 so that
the driving support information 1s projected and displayed
over the steering wheel. In this case, the control unit 28
functions as a processor of the wearable device 2.

First Modification of Second Embodiment

Next, a first modification of the second embodiment will
be described. In the first modification of the second embodi-
ment, an example of application to a grip handle will be

described.

FIG. 13 1s a diagram schematically illustrating a display
position of the driving support information output by the
ECU 19 to be displayed by the wearable device 2, according

to the first modification of the second embodiment.
As 1llustrated in FIG. 13, the ECU 19 outputs driving

support information M60 to the wearable device 2 so that the
driving support information M60 1s projected and displayed
on a region right above a grip handle 103A, 1n the visual
ficld of the driver. The driving support information Mé60
includes a recommended steering amount T60 for the grip
handle 103 A from a reference position (horizontal position),
and angle information 161, T62, and T63 indicating an angle
from the reference position.

According to the first modification of the second embodi-
ment described above, the ECU 19 outputs the driving
support information M60 to the wearable device 2 so that the
driving support information M60 1s displayed right above
the grip handle 103A. Thus, the driver can intuitively
recognize the information, with safety ensured.

Second Modification of Second Embodiment

Next, a second modification of the second embodiment
will be described. In the second modification of the second
embodiment, an example of application to a control stick
will be described.

FIG. 14 1s a diagram schematically illustrating a display
position of the driving support information, as a result of the
ECU 19 according to the second modification of the second
embodiment causing the wearable device 2 to display the
driving support information.

As 1llustrated in FIG. 14, the ECU 19 outputs driving
support information M61 to the wearable device 2 so that the
driving support information M61 1s displayed on a region
right above a control stick 103B, in the visual field of the
driver. The driving support information Mé61 includes rec-
ommended operation amounts T64 and T65 for the control
stick 103B and recommended steering amounts T66 and T67
tor the control stick 103B from the reference position. The
recommended operation amount 164 indicates a recom-
mended operation amount for the brake, and the recom-
mended operation amount T65 indicates a recommended
operation amount for the accelerator.

According to the second modification of the second
embodiment described above, the ECU 19 outputs the
driving support information M61 to the wearable device 2 so
that the driving support information M61 1s displayed right
above the control stick 103B, whereby the driver can 1ntui-
tively recognize the information, with safety ensured.
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Third Modification of Second Embodiment

Next, a third modification of the second embodiment will
be described. In the second embodiment described above, an
example using the accelerator pedal 101, the brake pedal
102, and the steering wheel 103 has been described. Alter-
natively, as in the third modification of the second embodi-
ment, application to a combination of an accelerator bar and
a control stick 1s also feasible.

FIG. 15 1s a diagram schematically 1llustrating a display
position of the driving support information, as a result of the
ECU 19 according to the third modification of the second
embodiment causing the wearable device 2 to display the
driving support information.

As 1llustrated in FIG. 15, the ECU 19 outputs drniving
support information M62 to the wearable device 2 so that the
driving support information M62 1s displayed on a region
right above a an accelerator bar 101C, 1n the visual field of
the driver. Furthermore, the ECU 19 outputs driving support
information M63 to the wearable device 2 so that the driving
support imformation M63 1s displayed on a region right
above a control stick 103C, 1n the visual field of the driver.
Furthermore, the ECU 19 outputs the driving support infor-
mation G1 to the wearable device 2 so that the dniving
support mformation G1 1s displayed 1n the drniver’s visual
field. The driving support information M62 includes recom-
mended operation amounts T68 and T69 for the accelerator
bar 101C from the reference position. The recommended
operation amount T68 indicates a recommended operation
amount for the braking, and the recommended operation
amount 169 1ndicates a recommended operation amount for
the acceleration. The driving support information M63
includes recommended steering amounts T70 and T71 for
the control stick 103C from the reference position (upright
information).

According to the third modification of the second embodi-
ment described above, by the ECU 19, the driving support
information M62 1s projected and displayed on the region
right above the accelerator bar 101C and the driving support
information M63 1s projected and displayed on the region
right above the control stick 103C, whereby the driver can
intuitively recognize the information, with safety ensured.

Fourth Modification of Second Embodiment

Next, a fourth modification of the second embodiment
will be described. The fourth modification of the second
embodiment relates to an application to a joystick.

FIG. 16 1s a diagram schematically illustrating a display
position of the driving support information, as a result of the
ECU 19 according to the fourth modification of the second
embodiment causing the wearable device 2 to display the
driving support information.

As 1llustrated 1n FIG. 16, the ECU 19 outputs driving
support information M64 and M65 to the wearable device 2
so that the driving support information M64 and the driving
support information M65 are displayed on a region right
above a joystick 101D, 1n the visual field of the driver. The
driving support information M64 includes recommended
operation amounts 172 and T73 for the joystick 101D from
the reference position. The recommended operation amount
172 indicates a recommended operation amount for the
acceleration, and the recommended operation amount 173
indicates a recommended operation amount for the braking.
The driving support information M65 includes recom-
mended steering amounts 174 and T75 for the joystick 101D
from the reference position (upright information).
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According to the fourth modification of the second
embodiment described above, the ECU 19 outputs the
driving support information M64 and the driving support
information M63 to the wearable device 2 so that the driving
support information M64 and the driving support informa-
tion M65 are displayed on the region right above the joystick

101D, whereby the driver can intuitively recognize the
information, with safety ensured.

Fifth Modification of Second Embodiment

Next, a fifth modification of the second embodiment will
be described. The fifth modification of the second embodi-
ment 1s related to an application to a grip handle type handle.

FIG. 17 1s a diagram schematically illustrating a display
position of the driving support information, as a result of the
ECU 19 according to the fifth modification of the second
embodiment causing the wearable device 2 to display the
driving support information.

As 1llustrated in FIG. 17, the ECU 19 outputs driving
support information M65 and driving support imnformation
M66 to the wearable device 2 so that the driving support
information M65 and the driving support information M66
are displayed on a region right above a grip type handle
101E, 1n the visual field of the driver. The driving support
information M63 includes recommended operation amounts
179 and T80 for the grip type handle 101E from the
reference position. The recommended operation amount T79
indicates a recommended operation amount for the accel-
eration, and the recommended operation amount T80 1ndi-
cates a recommended operation amount for the braking. The
driving support information M66 includes a reference posi-
tion T77 (horizontal position) of a grip handle 103E and a
recommended operation amounts 178 from the reference
position.

According to the fifth modification of the second embodi-
ment described above, the ECU 19 outputs the driving
support information M63S and the driving support informa-
tion M65 to the wearable device 2 so that the driving support
information M65 and the driving support information M66
are displayed on the region right above the grip type handle
101E, whereby the driver can imtuitively recognize the
information, with safety ensured.

Third Embodiment

Next, a third embodiment will be described. In the first
and the second embodiments described above, the ECU 19
of the dniving support device 1, 1A outputs the driving
support information to be displayed in the driver’s visual
field based on the driver’s line-of-sight information. In the
third embodiment, a server acquires the vehicle information,
the operation information, the behavior information, and the
line-of-sight information from each of the driving support
device and the wearable device, to control the driving
support information projected by the wearable device. Com-
ponents that are the same as those in the driving support
system 1000 according to the second embodiment described
above are denoted by the same reference numerals, and
detailed descriptions thereof will be omitted.

FIG. 18 1s a schematic view illustrating a schematic
configuration of a driving support system according to a
third embodiment. A driving support system 1001 illustrated
in FIG. 18 includes the driving support device 1A installed
in each of a plurality of the vehicles 100, the wearable device
2 worn by the driver U1, and a server 300. The plurality of
driving support devices 1, the wearable device 2, and the
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server 300 are configured to be able to communicate infor-
mation with each other via a base station 400 and a network
500. The server 300 captures an 1image of an upper view of
the vehicle 100 from a GPS satellite 600 via the base station
400 and the network 500 to acquire image data.

Configuration of Server

Next, a configuration of the server 300 will be described.
The server 300 i1ncludes a communication unit 301 and a
control unit 302.

The communication unit 301 transmits and receives vari-
ous types of information 1n accordance with a predetermined
communication standard via the network 500 and the base
station 400, under the control of the control unit 302.
Further, the communication unit 301 transmits various types
of information to the driving support device 1 of each of the
vehicles 100 and the wearable device 2 according to a
predetermined communication standard, and the communi-
cation unit 301 receives various types of information from
the GPS satellite 600, the driving support device 1 of each
of the vehicles 100 and the wearable device 2, under the
control of the control umt 302. The communication unit 301
1s formed by using a commumnication module supporting
wireless communications.

The control unit 302 1s formed by using a memory and a
processor icluding hardware that 1s any of a CPU, a GPU,
an FPGA, a DSP, an ASIC, and the like. Based on the
line-of-si1ght information about the line of sight of the driver
acquired from the line-of-sight sensor 23 of the wearable
device 2 through the communication unit 301, the control
unit 302 outputs driving support information to the wearable
device 2 so that the driving support information 1s displayed
on the visual field including the line of sight of the driver.
Specifically, the control unit 302 mnputs the input parameters
that are the driver’s operation amount on the accelerator
pedal acquired from the operation sensor 12 through the
communication umt 301 and the vehicle speed of the vehicle
acquired from the vehicle speed sensor 11 to the learned
model stored in a learned model storage unit 303, and
acquires a recommended operation amount on the accelera-
tor pedal which 1s an output parameter output from the
learned model stored 1n the learned model storage unit 303.
Then, the control unit 302 outputs the operation amount and
the recommended operation amount to the wearable device
2 so that the operation amount and the recommended
operation amount are displayed as driving support informa-
tion on the region right above the accelerator pedal.

Furthermore, the control unit 302 inputs the mput param-
cters that are the driver’s steering amount on the steering
wheel acquired from the steering wheel sensor 13 acquired
through the communication unit 301 and the vehicle speed
of the vehicle acquired from the vehicle speed sensor 11 to
the learned model stored 1n the learned model storage unit
303, and acquires a recommended steering amount on the
steering wheel that 1s an output parameter output from the
learned model stored 1n the learned model storage unit 303.
Then, the control unit 302 outputs the steering amount and
the recommended steering amount to the wearable device 2
through the communication unit 301 so that the steering
amount and the recommended steering amount are displayed
as driving support information on the region right above the
steering wheel.

Furthermore, the control unit 302 generates the driving
support information based on the behavior information
about the vehicle acquired from the behavior sensor 4
through the communication unit 301, and outputs the driving
support mformation to the wearable device 2, so that the
driving support information 1s displayed on the region
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between the driver and the windshield of the vehicle. In the
third embodiment, the control umit 302 functions as a

Processor.

The learned model storage unit 303 stores a learned model
used for machine learning that 1s similar to that in the
learned model storage unit 18 according to the first embodi-
ment described above.

According to the third embodiment described above, the
control unmit 302 outputs the driving support information to
the wearable device 2 through the communication unit 301
so that the driving support information 1s displayed over the
steering wheel 103 1n the visual field including the line of
sight of the driver, whereby the driver can intuitively rec-
ognize the information, with safety ensured.

Other Embodiments

In the second and the third embodiments, the example
using the eyewear-type wearable device 2 wearable by the
driver has been described. However, the disclosure 1s not
limited to this and can be applied to various wearable
devices. For example, as 1illustrated 1in FI1G. 19, the disclo-
sure can also be applied to a contact lens type wearable
device 2A having an 1mage capturing function. Furthermore,
the disclosure can also be applied to a wearable device 2B
in FIG. 20 and can even be applied to a device that directly
communicates with the brain of the driver U1 such as a brain
chip type wearable device 2C as illustrated in FIG. 21.
Furthermore, a helmet shaped configuration with a visor
such as a wearable device 2D 1n FIG. 22 may be employed.
In this case, the wearable device 2D may project and display
an 1mage on the visor.

Moreover, 1n the second and the third embodiments, an
image 1s visually recognized with the wearable device 2
projecting the 1mage onto the retina of the driver. Alterna-
tively, for example, the image may be projected and dis-
played on a lens of an eyewear and the like.

In the first to the third embodiments, deep learning using
a neural network has been described as an example of
machine learning. Alternatively, machine learning based on
other methods may be applied. For example, other super-
vised learning such as support vector machines, decision
trees, simple Bayes, or k-nearest neighbors may be used.
Furthermore, instead of supervised learning, semi-super-
vised learming may be used.

Further, 1n the first to third embodiments, data obtained
by, for example, inter-vehicle communication or road-ve-
hicle communication may be used as input parameters in
addition to traveling data about a vehicle.

Furthermore, the ‘“unit” described above in the first to
third embodiments can be read as a “circuit” or the like. For
example, the control unit can be read as a control circuit.

Further, the programs to be executed by the driving
support device and the wearable device according to the first
to third embodiments are file data of an installable format or
an executable format, and are provided while being stored 1n
computer-readable storage media such as a CD-ROM, flex-
ible disk (FD), CD-R, Dagital Versatile Disk (DVD), USB
medium, flash memory and the like.

Furthermore, the program to be executed by the driving
support device and the wearable device according to the first
to third embodiments may be stored on a computer con-
nected to a network such as the Internet and configured to be
downloaded via the network to be provided.

In the description of the flowcharts 1n this specification,
the anteroposterior relationship between steps in terms of
processing 1s clearly indicated by using expressions such as
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“first™, “after”, and “next”. However, the present order of the
processing required for implementing the embodiments are
not uniquely defined by these expressions. Thus, the order of
processing 1n the flowcharts described herein can be
changed without contradiction.

According to the disclosure, the driving support informa-
tion 1s displayed right above the operation member, and thus
the driver can intuitively recognize the driving support
information.

According to the disclosure, the actual operation amount
and the recommended operation amount are displayed right
above the operation member, so that the driver can perform
an operation while recognizing a difference between the
actual operation amount and the recommended operation
amount, and thus the driver can drive with improved driving
technique while feeling driving pleasure.

According to the disclosure, the driving support informa-
tion 1s displayed on the region on the driver’s line of sight
between the driver and the windshield of the wvehicle,
whereby the drniver can feel the driving pleasure with safety
during driving ensured.

According to the disclosure, the driving support informa-
tion based on the behavior of the vehicle 1s displayed, so that
the driver can drive while ituitively recognizing the behav-
1ior of the vehicle, and thus can drive with improved driving
technique.

According to the disclosure, the driver can drive while
intuitively recognizing the behavior of the vehicle, and thus
can drive with improved driving technique.

According to the disclosure, the driver can check and
intuitively recognize the behavior of the vehicle on the line
of sight while driving, and thus can drive with improved
driving technique.

According to the disclosure, the driving support informa-
tion 1s displayed over the steering wheel, so that the driver
can 1ntuitively recognize the information with safety
ensured.

According to the disclosure, the actual steering amount
and the recommended steering amount are displayed over
the steering wheel, so that the driver can perform an opera-
tion while recognmizing a difference between the actual
steering amount and the recommended steering amount, and
thus can drive with improved driving technique while feel-
ing driving pleasure.

According to the disclosure, the display content of the
driving support information 1s controlled based on the
operation level of the driver, whereby driving support suit-
able for the driver can be provided.

According to the disclosure, the driving support informa-
tion for supporting the driving of the vehicle 1s displayed in
the visual field including the driver’s line of sight, and thus
the driver does not change the visual field during driving,
whereby an eflect of ensuring safety during driving can be
obtained.

Although the disclosure has been described with respect
to specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled 1n the art that
tairly fall within the basic teaching herein set forth.

What 1s claimed 1s:

1. A dniving support device comprising:

a memory; and

a processor mncluding hardware, the processor being con-

figured to

acquire line-of-sight information about a line of sight of

a driver seated 1n a driver’s seat of a vehicle, and
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output driving support information for supporting driving,
of the vehicle on a steering wheel of the vehicle 1n a
visual field of the driver based on the line-of-sight
information, and
output the driving support information onto a region, in
the visual field, the region being immediately above an
operation member provided in the vehicle and being 1n
an orthogonal direction orthogonal to the operation
member.
2. A driving support device comprising:
a memory; and
a processor including hardware, the processor being con-
figured to
acquire line-of-sight information about a line of sight of
a driver seated 1n a driver’s seat ol a vehicle,
output driving support information for supporting driv-
ing of the vehicle, onto a visual field of the drniver
based on the line-of-sight information,
output the driving support information onto a region, 1n
the visual field, the region being immediately above
an operation member provided in the vehicle and
being 1 an orthogonal direction orthogonal to the
operation member, and
acquire an operation amount on the operation member
by the driver and vehicle speed of the vehicle,
input to a learned model obtained as a result of machine
learning based on traveling data of a plurality of
vehicles, an input parameter including the operation
amount and the vehicle speed, and
output the driving support information including the
operation amount and a recommended operation
amount on the operation member, the recommended
operation amount being an output parameter output
from the learned model.
3. A driving support device comprising:
a memory; and
a processor including hardware, the processor being con-
figured to
acquire line-of-sight information about a line of sight of
a driver seated 1in a driver’s seat of a vehicle, and
output driving support information for supporting driving,
of the vehicle on a steering wheel of the vehicle 1n a
visual field of the driver based on the line-of-sight
information, and
output the driving support information on a region on the
line of sight of the driver between a windshield of the
vehicle and the dniver.

4. The driving support device according to claim 3,
wherein
the processor 1s further configured to
acquire behavior information about a behavior of the
vehicle,
generate the driving support information based on the
behavior information, and
output the driving support information.
5. A driving support device comprising:
a memory; and
a processor 1including hardware, the processor being con-
figured to
acquire line-of-sight information about a line of sight of
a driver seated 1n a driver’s seat of a vehicle,
output driving support information for supporting driv-
ing of the vehicle, onto a visual field of the drniver
based on the line-of-sight information,
output the driving support information on a region on
the line of sight of the driver between a windshield
of the vehicle and the driver,
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acquire behavior information about a behavior of the
vehicle,
generate the driving support information based on the
behavior information,
output the driving support information, and
output the driving support information including a recep-
tacle image having a recessed surface and a ball image
that 1s virtually movable on the recessed surface 1n
accordance with a change in gravitational acceleration
in forward, backward, leftward, and rightward direc-
tions of the vehicle.
6. The driving support device according to claim 3,
wherein
the processor 1s further configured to
acquire vehicle speed of the vehicle,
determine whether the vehicle 1s in a moving state based
on the vehicle speed, and
output the driving support information on the line of sight
of the driver when the vehicle 1s 1n the moving state.
7. The dniving support device according to claim 4,
wherein
the processor 1s further configured to
acquire vehicle speed of the vehicle,
determine whether the vehicle 1s in a moving state based
on the vehicle speed, and
output the dniving support information on the line of sight
of the driver when the vehicle 1s 1n the moving state.
8. The dniving support device according to claim 5,
wherein
the processor 1s further configured to
acquire vehicle speed of the vehicle,
determine whether the vehicle 1s in a moving state based
on the vehicle speed, and
output the driving support information on the line of sight
of the driver when the vehicle 1s in the moving state.
9. The dniving support device according to claim 1,
wherein the processor i1s further configured to output the
driving support information over the steering wheel of the
vehicle, 1n the visual field.
10. A dniving support device comprising;:
a memory; and
a processor including hardware, the processor being con-
figured to
acquire line-of-sight information about a line of sight of
a driver seated 1n a driver’s seat of a vehicle,
output driving support information for supporting driv-
ing of the vehicle, onto a visual field of the driver
based on the line-of-sight information,
output the driving support information over a steering
wheel of the vehicle, in the visual field,
acquire a steering amount of the steering wheel from a
reference position and vehicle speed of the vehicle,
input to a learned model obtained as a result of machine
learning based on traveling data about a plurality of
vehicles, an input parameter including the steering
amount and the vehicle speed, and
output the driving support information including the
reference position, the steering amount, and a rec-
ommended steering amount for the steering wheel,
the recommended steering amount being an output
parameter output from the learned model.
11. The driving support device according to claim 1,
wherein
the processor 1s further configured to
acquire an operation level serving as an index for an
operation ability of the driver, and
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control a display content of the driving support informa-
tion based on the operation level.

12. A driving support system comprising:

a driving support device including;

a memory; and

a processor 1including hardware, the processor being con-
figured to

acquire line-of-sight information about a line of sight of
a driver seated 1n a driver’s seat of a vehicle, and

output driving support information for supporting driving,
of the vehicle on a steering wheel of the vehicle 1n a
visual field of the driver based on the line-of-sight
information; and

a wearable device configured to bidirectionally commu-
nicate with the driving support device, transmit light 1n
a visual field, and virtually display an image on the
visual field, wherein

the wearable device includes a line-of-sight sensor con-
figured to detect line-of-sight information about a line
of sight of a driver wearing the wearable device, and

the processor 1s configured to output the driving support
information to the wearable device to cause the wear-
able device to output the driving support information
on the steering wheel of the vehicle in the visual field
of the driver based on the line-of-sight information that
1s detected by the line-oi-sight sensor.

13. A dniving support method performed by a driving

support device, the method comprising;:
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acquiring line-of-sight information about a line of sight of
a driver seated 1n a driver’s seat of a vehicle:

outputting driving support information for supporting
driving of the vehicle on a steering wheel of the vehicle
in a visual field of the driver based on the line-of-sight
information read from a memory; and

outputting the driving support information onto a region,
in the visual field, the region being immediately above
an operation member provided in the vehicle and being
in an orthogonal direction orthogonal to the operation
member.

14. A non-transitory

computer-readable recording

medium with an executable program stored thereon, the
s program causing a driving support device to execute

acquiring line-of-sight information about a line of sight of
a driver seated 1in a driver’s seat of a vehicle,

outputting driving support information for supporting
driving of the vehicle on a steering wheel of the vehicle
in a visual field of the driver based on the line-of-sight
information; and

outputting the driving support information onto a region,
in the visual field, the region being immediately above
an operation member provided in the vehicle and being
in an orthogonal direction orthogonal to the operation
member.
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